SUCCESSFUL TRANSFER GF ADAPTATION ACQUIRED IN A SLOW ROTATION
ROOM TO MOTION ENVIRONMENTS IN NAVY FLIGHT TRAINING
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3 j “qe; '~ Two flight students, grounded for the reason they were highly sus aptible to motion sickness, completed
H . their training after gradually adapting to 10 rpm, achieved by executing head movements during small step-

'f}ﬁ‘j wise increases in angular velocity., Subject 1 executed a total of about 77,000 head movements within a

h period of five months and Subject 2 executed about 108,000 head movements within a period of 42 duys.

. 4 The transfer of the adaptation acquired in the laboratory to most motion environments aloft was guod; the

i notable exception involved weightless maneuvers in the case of Subject 1. Both were on flight status when
contacted recently. The opportunity was taken to assess the current motion sickness susceptibility in Sub-

T"”i Ject 1 in the fall of 1975, He reached our (mild) motion sickness endpoint, in the rotating room, at 17

rpm; the average endpoint is 7-8 rpm. Some practical and theoretical impiications are discussed, -t

=4 £ \

INTRODUCTION

£ If a person riding in a slowly rotating room makes a head movement outside the plane of the platform's

533: rotation, cross coupled acceleralions are generated which stimulate the vestibulur apparatus in an
unusual way. In the stationary utate, head movements are associated with a pattern of accelerations
that produce vestibular sensations consistent with the visual and propioceptive sensations associated
with these head movements through past experience. By adding rotation, the vestibular sensations
associated w.th the same head movements now include those sensations produced by the cross coupled accele-
rations. This produces a situation where the vestibular sensations are no longer consistent with the past
visual and proprioceptive sensations., The subject's reactions to this unusual state can be grouped into
two classes (1). The first class consist: of reflexive reactions such as nystagmus, tumbling or turning
sensations, and certain visual i1lusions. The first class seems to be a direct response to vestibular
stimulation. A second class of responses less directly related to the vestibular stimulation constitutes
the signs and symptoms of motion sickness, Inasmuch as these signs and symptoms have their immcdiate ori-
gins in non-vestibular systems, one must postulate a facuitative linkage between vestibular and non-ves-
tibular systems as an important element in the causation of this form of motion sickness (1), The signs
and symptoms arising trom this unusual vestibular stimulation have been well studied and a sensitive gra-
ding method is available (2).

It has been shown that subjects who perform sufficient head movements at one rpm iricrements can asympto-
maticaily reach high angular velocities which would otherwise be intolerable (3). By having the subjest
execute a schedule of head movements at each increment in angular velocity. one has a simple method of
providing adaptation to rotation. This scheme is called an incremental adaptation schedule. If the stress
Jevel of the incremental adaptation schedule is excessively high, the incidence of motion sickness will
force the termination of the adaptation. Although the relationship between adaptation and motior sickness
is not well understood, 1t is possible, using sufficiently small increments in rpm to achieve adaptation
without overt symptoms of motion sickness,

Subsequent experience with incremental adaptation (4) has shown that this acquired adaptation has two
components, The first to occur is a direction specific adaptation which decays in hours after the cessa-
tion of rotation. This direction specific adaptation provides increased tolerance to rotation only in the
direction employed in the incremental adaptation schedule. It is also associated with a reduced tolerance
to head movements at zero velocity and an even lower tolerance to head movements performed with rotation
in the opposite direction. The rather rapid decay of the direction specific adaptation reveals a second
component of adaptation which is not directfon specific and decays slowly over days. This second compo-
nent of adaptation is not associated with symptoms at zero velosity and does afford increased tolerance
to head movements performed with rotation in the opposite direction. This second component of acquired
adaptation is of practical interest since it decays slowly and is not stimulus specific.

A method of acquiring adaptation to unusual vestibular stimuli which is both persistent and not stimulus
specific could be put to immediate practical use. Not infrequently, student aviators are dropped from
f1i?ht training because of repeated episodes of severe air sickness. It is reasonable to assume that in
their situation the stimulus level is so high that the prompt emergence of air sickness does not permit

the occurrence of any significant adaptation. A similar situation may be created in the lzboratory by re-
peatedly exposing the subject to a high angular velocity without the benefit of incremental adaptation.
To test the practical usefulness of this phenomenon, i1t was Gecidad to determine whether laboratory con-
ducted incremental adaptation could be beneficial to student aviators with a history of severe air sick-
ness,

MATERIALS AND METHODS

Subjucts for this experiment were two flight students who were dropped from flight training du to re- \
peated episodrs of severe air sickness. Both students had a 1ife long history of motion sickness. Other '
than the unusual history of motion sickness, medical examination revealed two young, healthy adult males,
both highly motivated to remain in the flight program. By history and on the basis of their previous per-
formance in the flight program, these two students demonstrated an incidence of air sickness far above
average and one would expect a high cusceptibility to motion sickness. This suspicion was confirmed
in both studens where comprehensive vestibular testing revealed normal function with the exceptionn of a
vary high susceptibility to motion sickness.

The rotating device used in this experiment is the STow Rotation Room I (SRR) at the Naval Aeraspace
Reseach Laboratory in Pensacola, Florida, The experiment is conducted inside a windowless, air conditio-
ned, circular room which is ten feet in diameter and seven feet high. This room is attached to a large,
high mass centrifuge that is capable of very smooth rotation at angular velocities from one to thirty
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revolutions per minute (rpm) (5).

By means of controlled vestibular stimulation each subject is well adapted to each increment of angular
velocity. The rotation is provided by the SRR rotating at constant angular velocities, The vestibuler sti-
mulation cons’-ts of paced head movements, In this procedure the subject sits upright and upon command
from a tape recorder he makes head movements to t'.« left, right, fcrward and backwards. As shown in Figu-
re 1, the angular displacement of the head moverenrt is controlled by the placement of pads in each direc-
tion of the head mnvement at an angle of 45 degrees from the vertical, The subject moves his head in the
desired direction until he lightly touches the appropriate pad. The commands from the tape recorder spe-
cify a given direction every four seconds with the command to return to the upright following the initial
command by two seconds. With this arrangement, a discrete head movement is made every two seconds and at
the end of 480 such head movements (16 minutes) the subject is given a three to five minute rest period
during which he sits quietly with his head in the upright position. The incremental adaptation schedule
will be designed on a daily basis by the authors with the objective of keeping the stress level as high
as possible yet avoiding significant motion sickness. Measurements of the tumbling (“giant hand")} {llu-
sion will be made at each new increment of angular velocity to estimate the intensity of the vestibular
stimulation. The severity of motion sickness will be measured continually using a previously described
grading system {2), which is summarized in Table 1. At the end of each daily rotation, head movements
will be immediately conducted at zero velocity to assess the level of acquired direction specific adapta-
tion. It has been proposed that the acquired adaptation which is not di-ection specific is continually
overtaking ye: always lagging behind the acquisition of direction speci: - adaptation (4). If a subject
performs sufficient head movements at a given angular velocity, he can then continue his head movements
at zero velocity without any incidence of motion sickness, This occurs, presumably, because he has con-
tinued his adaptation to the rotating environment for a period of time long enough to permit the decay
of the more transient direction specific adaptation to occur, even as he js rotating. If the stress le-
vel is properly adjusted, the subject will display minimal illusions at each new {ncrement in angular
velocity and will transiently develop no more than one or two motion sickness points throughout rotation.
At the conclusion of rotations the subject should remain essentially asymptomatic during the head move-
ments at zero velocity. If the stress levei is excessive the i1Tusions will be more prominent, the motion
sickness more severe, and the postrun head movements will elicit frank motion sickness. Each subject be-
gan at one rpm and worked his way to ten rpm as quickly as possible.

RESULTS

The first attempt at adaptation was conducted with Subject 1, whose motion sickness susceptibility was
somewhat lower than that of Subject 2, These results are displayed in Table 2. This first experiment was
conducted over a seven day period and involved rotation on six days. Rotation was always in the counter-
clockwise (CCW) direction,

On the first day Subject 1 reached 5 rpm and experienced no '.otion sickness throughout the day, The sub-
Ject executed a total of 7200 discrete head movements. This .cvresponds to exactly 4.0 hours making head
movements and was accomplished in 6.18 hours of rotation. Illusions were not prominent at each new incre-
$?nt 12 angular velocity. Due to a technical oversight, no postrun head movements were performed on this

rst day.

On the second day the subject reached 6 rpm and developed no more than 1 motion sickness point whils yo-
tating, He performed « total of 5760 head movements (3.2 hours) in 6.85 hours of rotation, Illusions
were clearly present at first reaching 5 and 6 rpm. After stopping the subject developed 5 motion sicke
ness points in 115 head movements.

On the third day the subjeci reached 8 rpm and displayed no more than 2 motic sickness points but re-
mained at 1 point throughou’ most of the day. He performed 6240 head movements (3.47 hours) in 7.30
hours of rotation. Illusions were present but not prominent. During the postrun liead movements the sub-
Ject developed 6 motion sickness points in 90 head movements.

On the fourth day the subject did nct exceed 8 rpm. He developed a maximum of 3 motion sickness points
and displayed 2 points for much of the day. He performed 4320 head movements (2.4 hours) in 7,0 hours of
rotation. I1lusions were present but not prominent at 6-8 rpm. Upon stopping the subject developed 4 mo-
tion sickness points in 120 head movements,

On the fifth day the subject reached 10 rpm. He displayed a maximum of 2 motion sickness points at any
time during rotation and was asymptomatic at 10 rpm. The subject executed a total of 6720 head movements
{3.73 hours) in 8,05 hours of rotation. Illusions were detectable but not prominent. Upon stopping the
subject developed only 2 motion sickness points in 120 head movements.

On the sixth day the subject spent most his time at 10 rpm. He displayed a maximum of 2 motion sickness
points and was asymptomatic by the end of the day. The subject executed 3360 head movements (1.87 hours)
in 4,57 hours of rotation., Illusions were present but not prominent. Upon the cessation of rotation the
subject developed 3 motion sickness points in 120 head movements. .

On the seventh and eighth days the subject was flown in an aircraft espec1a1;y prepared for studying
air sickness, The subject displayed normal susceptibility which was intrepretéd as a signifi-ant impro-
vement in his condition. Of the various maneuvers employed, the subject was most sensitive to "porpoi-
sing" which involved a few seconds of wéightlessness. Several days later he participated in studies in-
volving zero g parabolas of 30-45 seconds duration. Here he displayed such high air sickness susceptibi-
1ity as to indicate that the incremental adaptation had afforded little protection for this particular
type of maneuver,

Foliowing the first incremental adaptation, periodic measurements of motion sickness suscept’bility
were made to estimate the rato of decay of the acquired adaptation. A1l of these tests were performed in
the CCW direction, the same as that of the first incremeatal adaptation. At 12 days after the completion
of the first study, there was minimal decay in the acquired adaptation. At 33 days there was significant
decay and at 58 days the subject has returned to his previous baseline susceptibility.

Dissatisfaction with the incidence of motion sickness in the first incremental adantation led to the
decision to attempt a second, similar experiment, The objective was to examine the effects of lowering
the stress level of the incremental adaptation schedule so as to reduce the incidence of illusions and
motion sickness while rotating, This in turn would hopefully reduce the incidence of motion sickness
caused by the postrun head movements. In this design the daily head movements always started at 1 rpm,
This second CCW incremental adaptation was started 8C days after the completion «f the first,

On the first day Suvject 1 reached 3 rpm and was essentially asymptomatic throughout the day. He per-
formed 3840 head movements (2,13 huurs) in 3,50 hours of rotation. [1lusignp are not noted. Upon the
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cessation of rotation, the subject developed only 1 moti~n sickness point in 2 2

On the secund day thé subject reached 4 rpm and briefly displayed meotion sizgnggzgﬁpoxeT:?:?;11y
reaching 4 rpm. He performed 3240 head movements {1.3 hours) in 3.2 hours of rotation. Illusions were not
etected. Upon stopping the subject remained asymptomatic through 240 head movements.

n thi thi;dzggg ;hedsubject ;ea€?e235hrpm ?n? b;i:fly displayed a single motion sickness point at 1 rpm
ue performe ead movements (1, ours) in 2.4 hours of rotation., Illusion o
or stopglngt;hg su:gect ;?mained a;yﬂpgomatic during 240 head movements, ons were not reported. Af

n the four ay the subject reache rpm. He remained essentially asymptomatic but transt -
)?D;g :ozg:;O?Ns;czngzzrgoggtiozgzﬁgna T$?32?ary power f:iIure.tTge ﬁthch executed 2760°h:a:n;;{e::::s

K . . ons were not reported. Ugon stopping the subject developed
a single motion sickness point in 240 head movements. '

nts or much of the-day. The- subject eecuted 3920 hend mosemants ThIoReEIC, $1P1aving one or two
o . ead movements (2.73 hours) in 3.95 h -
:;2:$e;::usions were not noted. Upon halting the subject developed 2 motion sick%ess pointsog;SZ:g ;g:;

on the sixth day the subject did not exceed 8 rpm and remained asymptomati \ -
formed 2760 head movements (1.53 hours) in 2.5 hours of rotation, ¥T$u51onscw::;ogg:oa:tggtaa;g:.szg p:;
tge s:baect dixe;opeghS mog;ontsicknﬁgz goints in 240 head movements. ' PR3

n the seven ay the subject reache rpm and intermittently scored 2 motion sickness poi
occasions during the day. He performed 3240 head movements (1.8 hours) in 2.85 hours of roﬁgc?33.°?1§331-
Szzdwggsegg:tgoted. Upon the cessation of rotation the subject dispiayed 2 motion sickness points in 240

In the eighth day the subject reached 10 rpm and he briefly displayed 2 motion sickuess point
tnitially 10 rpm. He performed 5760 head movements (3.2 hours) in 4.3 hours of rotztion ¥?1n ? g
absent, Upon stopping the subject remained asymptomatic in 24 head'movements ' usions were
s:l::2:221tzga;igg?gni?gr$3e:;;lw:gaggzt$g?1:ﬁpdoy?ghs}1ght1ytfewer1h§ad movements than the first, the

¢ ’ 0l ed w ess motion sickness and

t1iusions. Provocative tests to assess motion sickness susceptibility (6) wege :owggztlg“:: ;ngggegcga;:
:fter the completion of thy second incremental adaptation. When compared to the earlier baselines before
both adaptation experiments, there was a substantial reduction in motion sickness. susceptibility, When
this test was couducted in the direction opposite to that of both incremental adaptations, *.e. clock-
;1::; the;e was no evidence of transfer of adaptation to the opposite direction. This resﬁ1t' Qaé Sur-
Condugg : 2?§ci8?§et?ga§f?;c::;e%:gﬁcgziétlgigﬁamine this possibility in more detail, it was decided to

‘ubject 1 started a CW incremental adaptation 14 days after the conclusi

on of the second CCJd adaptati
E;?eriment. The technique was to be the same as the second CCW experiment and the goal would be 18 rpmon
JIn the first day the subject reached a surprisin i
g 6 rpm and displayed a maximun of 2 motion sick
ot sickness
'"r: :egg:igg Egzndg{;sgerggrg?;meg 5760 Bead movements (3.2 hours) in 4.75.h0H:S of rotation. Illusions
Tio heportec upon ching 5 rpm, Upon stopping the subject develope: 2 motion sickness points in

n the
Loh ne gggﬁngod?ypg?gtsx?gﬁ?: ;:aghed 13 rpm. At one point he briefly developed 3 motton sickness points
rotation b0 1D A our, He pe,formed 5160 head movements (2.87 hours) in 4.45 hours of
nead movemenioon were not present, Upon stopping the subject developed 1 motion sickness point in 240
from ton sezo;é cca 2:gg§$;e:trap1d progress to 10 rpm CW was most 1ikely due to transferred adaptation
h:tdggizogo:;;eg?gt:g?jﬁ:tu::stge:¥r?ed tg :ligh; training but due to a recuirance of a chronic sinusitis,

ying status. Because of some difficulty in cont
| vinusitis, Subject 1 was temporarily suspended from flying, However the ioble 021ro}}1ng §his ghronte
! iugjeCtifg?ished flight training with little difficulty. He is presentlypin anmope::tiﬁnzg :1§$ggag?]%::
. tnd pe - "
. Ject lrbgieg];ollgzrzgdhzz ;ggigat?d noda?normaI fncidence of motion sickness. In the fall of 1975 Sub-
Tity, At this tine mneg o, ez cota ?n : t Y?s r.ssible to again measure his motion sickness susceptibi-
743 rom, played a typical (mild) endpoint at 17 rpm which is well above the average of
“he incremental adaptation of Subject 2 y
M efico ec consists of a single, lengthy adaptation to 10 rpm CCW. Some
ol S S S e el Tarotpach hedTe] Researah Lot e am e et
earch Labora . Th
*;:'t:: i?glgygd with Subject 1. The results of this experiment are disgqiyed ?in:E]:ag'essentially the
aiy. avers ? ay Subject 2 reached 4 rpm in 0.25 rpm increments. He was symptomatic almost the entire
(5% hourg)n?nagogthgu?gtggnrglgg?ezs ??}nt? and once ;eaching 8 points, He executed 9120 head movements
. . on. usions were always present and 2
-::tzggefz?o;u?{ecg developed 12 motion sickness points 1ny248 head m;cemggg?ini?:hgggxet:écztgggg ?2321
2n the éecong diy ::;ggggjggtbgi;o:,tit was stil1 exce§:1ve for this highly susceptible subject.
' ot exceea .5 rpm, The subject was s
l;7::?::52w2$:i820;1;gnzs:bgsgngsing :erﬁorme? {i?g h::d moge%entswz4.2¥mz§3?:§1?nmg?; ﬁguﬁgeoﬁith:Q?on
240 h . pm. Upon h:lting the subject developed i )
T P R e L e e et fetey s o 1
ton sickness gc not exceed 1.756 rpm. Throughout the day“did not develop more than 1 mo-
were leos prom?glgt.tggnpg.f:;med 4320 head movem.nts (2.4 hours) in 3.25 hours of rotation. I'lusions
were N0t conducted or thisndaye previous two days. Due to technical difficulties, postrun head movements
in view of the unusually slow
v ; Y slow progress toward 10 r it was d

C:"t:;t:OSC:hUZ: o{han e;fectivg antimotion stckneggfdrug. :_a:;;g:gm$gea::??2:°t?;.g??ramuntal adapta-
nd the subject wzs ag sutject did not exceed 2 rpm. This run employed 10 mg d-amphetamine sulfate p.a.

4 hours of rotas o2 y?$]om?t1c throughout the day. He performed 5760 head movements (3.2 hours) in
‘3’79t0mltic i 240 h;ad m::e;::t:ere present but not prominent. Upon stopping the subject remained
.2310g this technique th g
"he subject q e subject gradually worked his way to 7 rpm, reaching it on the sixteenth da,
tion ‘1cknesge:€r:}1%e$verag?d one or two motion sickness points however the trend was tozard greata;'mo-

[ angular velocities, He performed approximately 4000-5000 head movements per day.
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11lusions remained present and were occasionally prominent. Postrun heiad movements were associated with
gradually increasing motion sickness scores, reaching 8 points on the sixteenth day. At this point the
drug was combined with the technique of starting all daily head movements at 1 rpm.

From the seventeenth through the twenty-fourth day the subject gradually worked his way to 10 rpm.
D-amphetamine sulfate and the technique of starting all daily head movements at 1 rpm were continued.
The subject was continually symptomatic and averaged about 2 motion sickness points during each day. He
performed about 3000 head movements per day. Illusions wore almost always present but rarely prominent,
The postrun head movements produced from 6-10 motion sickness points. 4

On the twenty-fifth day the subject again reached 10 rpm and no drug was employed for this run, The sub- ;
Ject displayed only 1-2 motion sickness points throughout the day. He performed 1920 head movements (1.07 ?
hours) in 2.4 hours of rotation, 11lusions were present but not prominent at 10 rpm. Upon stopping the sub- it
Ject developed 7 motion sickness points in 180 head movements. I

Subject 2 subsequently returned to flight training which he completed with no unusual difficulty with air 3
sickness. Ye is presently in an operational flying billet and periodic follow-up has not revealed any ab-
normal incidence of air sickness.

DISCUSSION

On the basic of the results of this experimental probe and the reports of other investigators (10), .
it is altogether 1ikely that the incremental adaptation to 10 rpm was beneficial to the two fligh: %
students, Firm conclusions are difficult to achieve with such a 1imited number of subjects. b
. : However, both subjects have long felt that the adaptation experiments were of considerable aid in -
¥ . completing their flight training. It is clear that established laboratory tes's demonstrate that -
- . these two subjects were able to reduce their motion sickness susceptibility wh’le associated with the
I it Laboratory, The relationship between the reduced motion sickness susceptibility upon leaving the
- Laboratory and the subsequent success in flight training requires more careful examination.
1 ' 1f, for example, the same tests that were used to measure motion sickness susceptibility before
: and after adaptation could be continued through flight training, then one might gain some insight in-
" A4 to the relationship between incremental adaptation and improved flight training performance. To obtain a
: 1 © better comparison, students with comparably high susceptibility might be paired, one receiving incremen-
%

tal adantation and the other cortinuing in the f.ight program. It would also be useful to periodically
measure the motion sickness susceptibility of normal students as they progress through training. It is
probable that the motion sickness susceptibility of student aviators as a group decreasec as they pro?ress
through traiaing. This effect must be considered before estimating any improvement :itributed to vesti-
bular adapt tion.
9 ) There are -ieveral aspects of the data which deserve additional comment, (n the case of Subject 1, there
was good transfer of laboratory acquired adaptation to flight maneuvers with the exception of those in-
volving weightlessness, A possible explanation may lie in the fact that weightlessness exerts a major ef-
fect upon the otolith apparatus whereas the vestibular stimuli employed in the laboratory primarily con-
ditfon the semicircular canals. Since one would not expect a conditioning process involving the canals to
necessarily transfer to the otolith apparatus, it is then understandable that the incremental adaptation
to 10 rpm afforded 1ittle protection against weightlessness,

After the second CCW incremental adaptation of Subject 1, a motion sickness susceptibility test faiied
‘ to reveal any significant adaptation to the opposite direction. This was surprising in view of earlier
f t work (9) which predicted substantial transfei. When a subsequent CW incremental adaptation was conducted,

o the rapidity of the subject's progress clearly implied considerable transfer from the previous adaptation
oo in the opposite direction.The only explanatior presently available is that this test was conducted prema-
turely, before the complete decay of the direction specific component of adaptation. .
L In the case of Subject 2, the facilitation of adaptation through the use of drugs represents an interes-
o ting possibility that requires further investigation, Whether d-amphetamine sulfate promotes adaptabili-
T ty by suppressing motion sickness cannct presently be proven. With Subject 2, the decision to employ a
|l drug was largely based on the desire to continue the incremental adaptation. The initial response to the
! drug was significant but due to the subject's complaints of nervousness, the dosage was gradually lowe-
o red. What effect increased dosage would have had on the increased motion sickness symptomatology above
. 6 rpm is not known,
1. The practical value of incremental adaptation is that it provides a method of reducing air sickness sus-
Lk ceptibility which, although time consuming, can be accomplished safely, simply, and inexpensively with
o a minimal investment in equipment. This method does not involve the elicitation of motion sickness. Al-
‘ 1 though the data presented here were collected on a slowly rotating room, there is no reason why the tech-
P | nique could not be arranged to utilize a simple rotating chair,
. 1 From a theoretical viewpoint, incremental adaptation represents a flexible experimental technique for
2 o gaining insight into the process of vestibular adaptation. By regulating the direction of rotation, the
g . angular velocity, and the number of head movements, the investigator can reliably generate & variety of
i vestibular stress levels that range from the subthreshold to those which are frankly provocative of mo-
tion sickness, The relationship between motion sickness and adaptation is not well uncerstood. It has
i been reported that adaptation can occur without incurring significant motion sickness (3) and this has
; . again been shown in these results. However very little 17 known about the circumstances promoting opti-
f mal adaptation. From existing data it seems probable that motion sickness is not a necessary elemeni of
a adaptation. This sti1l allows the possibility that motion sickness actually retards adaptation which
i would seem to explain the behavior of some student aviators. If this should be true then the present me-
T thod of making decisions on the presence of eariy or mild motion sickness symptomatology may not prove to
! : be very effitcient, In the present design the presence or absence of the tumbling i1lusion was noted with
Bl ! the initial head movements at each new increment of angular velocity. Although this information can be
% generally related to the adaptation process it is not presently clear how it alone might be used to es-
: tahlish an ipcremental adaptation schedule,

i In summary, two well motivated flight students with a life long history of motion sickness were referred
to the w.ivoratory due tu persistent air sickness of such severity as to jeopardize their continued parti-
' cipatiun i the flight program. By executing numerous paced head movements on a rotating room of gradu-
- ally increasing velocity, both students substantially reduced their motion sickness susceptibility to
the laboratory roiating environment, After developing ¢n essentially asymptomatic tolerance to 10 rpm
through the technique of incremental adaptation, they returned to the fiight program. Both students com-
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pleted flight training and are presently in operational flying billets wnere they have experienced no un-
usual incidence of motion sickness. In these two cases it was possible to employ a recently described
adaptation to vestibular stimuli which permits the effective transfer of reduced motion sickness susce>-
tibility from the laboratory rotating environment to an operational flight situation.
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